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(57) ABSTRACT 
An organic photovoltaic cell structure and a method for fab-
ricating the organic photovoltaic cell structure are each predi-
cated upon an organic photovoltaic material layer located and 
formed interposed between an anode and a cathode. The 
organic photovoltaic cell structure and the method for fabri-
cating the organic photovoltaic cell structure also include for 
the anode a nickel and indium doped tin oxide material layer 
(Ni-ITO) that has a nickel doping sufficient to provide a work 
function of the nickel and indium doped tin oxide material 
layer (Ni-ITO) anode preferably no more positive than about 
-5.0 eV. Such a composition of the nickel and indium doped 
tin oxide material layer (Ni-ITO) anode provides for a supe-
rior bandgap matching to a B3HT p-type donor component 
within a B3HT:BPCM BHJ organic photovoltaic material 
layer while also providing a greater bandgap separation of an 
aluminum material layer (Al) cathode to provide for 
enhanced electric field and charge carrier transport and col-
lection capabilities of an organic photovoltaic cell device that 
derives from the organic photovoltaic cell structure. 
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CROSS-REFERENCE TO RELATED 
APPLICATION 
This application is related to, and derives priority from, 
application Ser. No. 61/382,187, filed Sep. 13, 2010, and 
titled "Electrode Structure, Method and Applications," the 
subject matter of which is incorporated herein fully by refer-
ence. 
BACKGROUND 
1. Field of the Invention 
Embodiments of the invention relate generally to organic 
photovoltaic (OPV) cells. More particularly, embodiments of 
the invention relate to organic photovoltaic cell structures, 
devices and methods. 
2. Description of the Related Art 
Due to their low cost, light weight and mechanical flexibil-
ity, organic photovoltaic cells have the potential to offer a 
promising alternative to silicon based photovoltaic cells. 
Organic photovoltaic cells typically include an organic pho-
tovoltaic material interposed between an optically transpar-
ent electrode (i.e., optically transparent to a wavelength of 
light that is desired to be converted into electricity, where the 
optically transparent electrode often serves as an anode) and 
an additional electrode (i.e., one which is typically not opti-
cally transparent and which typically also serves as a cath-
ode). 
Although several alternative materials have been proposed 
as an organic photovoltaic material within an organic photo-
voltaic cell, a potentially promising organic photovoltaic 
material comprises a bulk heterojunction (BHJ) composition 
of poly(3-hexylthiophene) (P3HT) and [6,6]-phenyl C61 
butyric acid methyl ester (PCBM). 
While such a P3HT:PCBM BHJ composition provides an 
operative organic photovoltaic cell under many circum-
stances, improvements in photovoltaic performance proper-
ties of such P3HT:PCBM BHJ based organic photovoltaic 
cells are desirable insofar as organic photovoltaic cells in 
general are comparatively inefficient with respect to silicon 
based photovoltaic cells. 
Thus, desirable within organic photovoltaic cell design and 
fabrication are structures, devices, methods and materials that 
may be used to fabricate organic photovoltaic cells with 
enhanced photovoltaic performance properties. 
SUMMARY 
Embodiments of the invention include an organic photo-
voltaic cell structure and a method for fabricating the organic 
photovoltaic cell structure. The organic photovoltaic cell 
structure and the method for fabricating the organic photo-
voltaic cell structure in accordance with the embodiments use 
a nickel and indium doped tin oxide material layer as an 
anode. By using such a nickel and indium doped tin oxide 
material layer as an anode, a work function of the anode may 
be increased (i.e., made more negative) within the context of 
2 
An exemplary non-limiting organic photovoltaic cell struc-
ture in accordance with the embodiments includes a nickel 
and indium doped tin oxide material layer anode located over 
a transparent substrate. According to an aspect, the organic 
photovoltaic cell structure also includes a bulk heterojunction 
organic photovoltaic material layer located over the nickel 
and indium doped tin oxide material layer anode. According 
to another aspect, the organic photovoltaic cell structure also 
includes a conductor material layer cathode located over the 
10 
bulk heterojunction organic photovoltaic material layer. 
Another exemplary non-limiting organic photovoltaic cell 
structure in accordance with the embodiments includes a 
nickel and indium doped tin oxide material layer anode 
located over a transparent substrate. According to an aspect, 
the organic photovoltaic cell structure also includes a P3HT: 
15 PCBM BHJ photovoltaic material layer located over the 
nickel and indium doped tin oxide material layer anode. 
According to another aspect, the organic photovoltaic cell 
structure also includes a cathode conductor material layer 
located over the P3HT:PCBM BHJ photovoltaic material 
20 layer. 
An exemplary non-limiting method for fabricating an 
organic photovoltaic cell structure in accordance with the 
embodiments includes forming a nickel and indium doped tin 
oxide material layer anode over a transparent substrate. 
25 According to an aspect, the method also includes forming an 
organic photovoltaic material layer over the nickel and 
indium doped tin oxide material layer anode. According to 
another aspect, the method also includes forming a cathode 
conductor material layer over the organic photovoltaic mate-
30 rial layer. 
Another exemplary non-limiting method for fabricating an 
organic photovoltaic cell structure in accordance with the 
embodiments includes forming a nickel and indium doped tin 
oxide material layer anode over a transparent substrate. 
35 According to an aspect, the method also includes forming a 
P3HT:PCBM BHJ photovoltaic material layer over the nickel 
and indium doped tin oxide material layer anode. According 
to another aspect, the method also includes forming a cathode 
conductor material layer over the P3HT:PCBM BHJ photo-
40 voltaic material layer. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The objects, features and advantages of the embodiments 
45 are understood within the context of the Detailed Description 
of the Embodiments, as set forth below. The Detailed 
Description of the Embodiments is understood within the 
context of the accompanying drawings, that form a material 
50 
part of this disclosure, wherein: 
FIG. 1 shows a bandgap energy diagram and a correspond-
ing organic photovoltaic cell structure used in describing the 
embodiments. 
FIG. 2 shows another bandgap energy diagram and another 
corresponding organic photovoltaic cell structure used in 
55 describing the embodiments. 
FIG. 3 shows a bandgap energy diagram and a correspond-
ing organic photovoltaic cell structure in accordance with the 
embodiments. 
FIG. 4 shows another bandgap energy diagram and another 
60 corresponding organic photovoltaic cell structure in accor-
dance with the embodiments. 
at least a P3HT:PCBM BHJ organic photovoltaic cell, thus 
providing for enhanced hole charge carrier extraction, trans-
port and collection within an organic photovoltaic cell device 
that derives from the organic photovoltaic cell structure, 65 
which in tum provides a greater photovoltaic performance 
efficiency for the organic photovoltaic cell device. 
DETAILED DESCRIPTION OF THE 
EMBODIMENTS 
The embodiments, which include an organic photovoltaic 
cell structure and a method for fabricating the organic photo-
US 8,735,718 B2 
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voltaic cell structure, are understood within the context of the 
description set forth below. The description set forth below is 
understood within the context of the drawings described 
above. Since the drawings are intended for illustrative pur-
poses, the drawings are not necessarily drawn to scale. 
For clarity in presentation of the description of the embodi-
ments that follows, the description of the embodiments that 
follows will first describe: (1) a plurality of organic photovol-
taic cell structures in accordance with the embodiments; and 
(2) related anticipated organic photovoltaic cell device pho-
tovoltaic performance properties in accordance with the 
embodiments. The description of the embodiments that fol-
lows will next describe method aspects for fabricating the 
organic photovoltaic cell structures in accordance with the 
embodiments. 
Within the description of the embodiments that follows, an 
organic photovoltaic cell "structure" means a physical struc-
ture comprising a plurality of differing material layers, where 
upon illumination with incoming optical radiation the organic 
photovoltaic cell "structure" is capable of producing an elec-
trical current and voltage output at an anode and cathode 
designated within the physical structure. In contrast thereto, 
within the description of the embodiments that follows, an 
organic photovoltaic cell "device" means the organic photo-
voltaic cell "structure" that is illuminated with the incoming 
optical radiation and operative within an electrical circuit for 
purposes of transforming the incoming optical radiation into 
electricity. 
Within the description of the embodiments that follows, a 
"nickel and indium doped tin oxide material layer" means a 
base tin oxide material layer which is doped, or alternatively 
alloyed, with both nickel and indium, to provide a nominally 
transparent conductive oxide (TCO) material that is used as 
an electrode (i.e., typically but not necessarily anode) within 
4 
from about -4.4 eV to about -4.7 eV (see, e.g., Wang et al., 
Adv. Mater., 22, 1 (201 O); and Kim et al., Organic Elect., 10, 
205 (2009) ), which typically provides a Schottky barrier from 
about 0.3 eV to about 0.6 eV for hole extraction, transport and 
5 collection from a p-type donor component P3HT within a 
P3HT:PCBM BHJ organic photovoltaic material. For such a 
hole extraction, transfer and collection barrier, the highest 
occupiedmolecularorbital (HOMO) level of the p-type donor 
component P3HT is located at about -5.0 eV (i.e., below 
10 vacuum), as is illustrated in FIG. 1. Such a Schottky barrier 
from about 0.3 eV to about 0.6 eV will have a detrimental 
15 
effect upon a short circuit current CJsd of such a P3HT: 
PCBM BHJ organic photovoltaic cell device. 
Another anticipated drawback of the use of an indium-
doped tin oxide material layer (ITO) as an anode within an 
organic photovoltaic cell structure or device in general is a 
high surface roughness of the indium-doped tin oxide mate-
rial (i.e., about 5 nm surface roughness; see, e.g., Hsu et al., 
20 Thin Solid Films, 474, 19 (2005)). Such an enhanced surface 
roughness may provide local shunts and/or short circuits 
which may have a significant negative impact on the perfor-
mance of an organic photovoltaic cell device. 
An approach to address the surface roughness consider-
25 ations of an indium-doped tin oxide material layer (ITO) as an 
anode within an organic photovoltaic cell device is to deposit 
(i.e., typically spin coat) a comparatively thin layer of poly 
(3,4-ethylenedioxythiophene ):poly( styrenesulfonate) (PE-
DOT:PSS) on a top surface of the indium-doped tin oxide 
30 material layer (ITO) anode. The highest occupied molecular 
orbital (HOMO) level of PEDOT:PSS, which is about -5.2 
eV, closely matches that of P3HT at about -5.0 eV, as shown 
in FIG.1. 
an organic photovoltaic cell structure or device. The doping, 35 
or alternative alloying of the "nickel and indium doped tin 
oxide material layer" in accordance with the embodiments 
may be effected using any of several methods as described 
below. 
However the PEDOT:PSS composition is hydrophilic, and 
the hydrophilic composition absorbs moisture which results 
in the deterioration of the hydrophobic active layer of the 
organic photovoltaic cell structure that comprises the P3HT: 
PCBM BHJ organic photovoltaic material. In that regard, it 
Within the description of the embodiments that follows, 
and also in particular within the claims, with respect to mate-
rial layers that comprise an embodied or claimed (i.e., inven-
tive) organic photovoltaic cell "structure," "over" means that 
a particular upper lying second material layer is located and 
formed above a particular lower lying first material layer with 
a possibility (but not necessarily a requirement) of interven-
ing layers interposed between the particular lower lying first 
material layer and the particular upper lying second material 
layer. In contrast thereto, and within the same context with 
respect to a lower lying first material layer and an upper lying 
second material layer, "upon" means that the particular upper 
lying second material layer is located and formed contacting 
the particular lower lying first material layer. 
Organic Photovoltaic Cell Structure and Device Performance 
Properties 
In regard to general organic photovoltaic cell device per-
formance properties, the embodiments contemplate that one 
40 has been reported that when PEDOT:PSS is used to address 
surface roughness considerations within an organic photovol-
taic cell device, an organic photovoltaic cell device half-life 
time (i.e., the time it will take the organic photovoltaic cell 
device efficiency to drop to 50% of an initial value) is about 3 
45 hours (see, e.g., Kawano et al., Sol. Energy Mat. Sol. Cells, 
90, 3520 (2006)). 
In addition, the PEDOT:PSS material composition is typi-
cally highly acidic (i.e., having a pH of about 1.0), which is 
corrosive to the indium-doped tin oxide material layer (ITO) 
50 anode. Moreover, spin coating of the PEDOT:PSS material 
layer typically results in inconsistent film morphologies and 
electrical inhomogeneity that results in local shunts (see, e.g., 
Irwin et al., PNAS, 105, 2783 (2008)). In addition, any hole 
charge carriers that are extracted, transported and collected 
55 from such a PEDOT:PSS material layer will nonetheless still 
encounter a Schottky barrier at the PEDOT:PSS/indium-
doped tin oxide material layer (ITO) anode interface as is 
illustrated in FIG. 1. of the major anticipated limitations of a P3HT:PCBM BHJ 
organic photovoltaic cell device is an inefficient charge car-
rier extraction, particularly to the anode electrode (i.e., hole 60 
extraction, transport and collection) of the organic photovol-
taic cell device. Although, an indium-doped tin oxide material 
layer (ITO) is commonly used as an organic photovoltaic cell 
device structure (i.e., within a P3HT:PCBM BHJ organic 
photovoltaic cell structure as well as other organic photovol- 65 
taic cell structures), the work function of a common indium-
doped tin oxide material is, as is illustrated in FIG. 1, typically 
Surface roughness passivating alternatives to a PEDOT: 
PSS material layer, such as Mo03 (Kim et al., Sol. Energy 
Mat. Sol. Cells, 93, 1452 (2009)), V20 5 (Shrotriya et al., 
Appl. Phys. Lett., 88, 073508 (2006)), W03 (Han et al., 
Organic Elect., 10, 791 (2009)), andNiO (Irwin et al., PNAS, 
105, 2783 (2008)), have been investigated. 
For example, FIG. 2 shows a P3HT:PCBM BHJ organic 
photovoltaic cell structure and related energy bandgap dia-
gram utilizing a nickel oxide material layer (p-NiO) inter-
US 8,735,718 B2 
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posed between an indium-doped tin oxide material layer 
(ITO) anode and a P3HT:PCBM BHJ active organic photo-
voltaic material layer. 
As shown in FIG. 2, the Fermi level of the nickel oxide 
material layer (p-NiO) of about -5.0 eV matches well with 5 
the HOMO of P3HT, which is also about -5.0 eV. However, 
a 0.3 eV barrier still exists at the nickel oxide material layer 
(p-NiO)/indium-doped tin oxide material layer (ITO) inter-
face. In addition, the open circuit voltage V oc for the organic 
photovoltaic cell device that is illustrated in FIG. 2 is limited 10 
by the difference between the work functions of the indium-
doped tin oxide material layer (ITO) anode and an aluminum 
material layer (Al) cathode, which is about 0.5 V. 
The embodiments are intended to address the foregoing 
anticipated photovoltaic performance property limitations of 15 
the organic photovoltaic cell structures of FIG. 1 and FIG. 2 
in-part and primarily by replacing the indium-doped tin oxide 
material layer (ITO) anode with a nickel and indium doped tin 
oxide material layer (Ni-ITO) anode. Such an organic photo-
voltaic cell structure is illustrated in greater detail within FIG. 20 
3. To ensure an ohmic contact for hole extraction, transport 
and collection at the anode of an organic photovoltaic cell 
device predicated upon a P3HT:PCBM BHJ organic photo-
voltaic material, a work function of the anode in accordance 
with the embodiments is desirably equal to or more negative 25 
than about -5.0 eV. 
6 
illumination, the charges generated in an active layer of an 
organic photovoltaic cell device as embodied herein may 
exceed 10E18 cm-3 (see, e.g. Sariciftci et al., Materials 
Today, 7 (9), 36 (2004)). This level of charge generation may 
screen the electric field induced by the anode and cathode 
electrodes within an organic photovoltaic cell device in accor-
dance with the embodiments. As a result, a more complex 
organic photovoltaic cell structure may be desirable to 
enhance the photovoltaic performance properties and effi-
ciency of an organic photovoltaic cell device in accordance 
with the embodiments. Such an organic photovoltaic cell 
structure and related energy band diagram are illustrated in 
FIG. 4. 
The organic photovoltaic cell structure of FIG. 4 includes 
the nickel and indium-doped tin oxide material layer (Ni-
ITO) of FIG. 3 as an anode layer, with an anticipated nominal 
work function of -5.2 eV, as may be fabricated using a depo-
sition method such as, but not limited to, a sputtering method. 
The nickel and indium doped tin oxide material layer (Ni-
ITO) anode is located and formed upon a suitable optically 
transparent substrate (i.e., designated as glass) that is other-
wise generally conventional. Located and formed upon the 
nickel and indium doped tin oxide material layer (Ni-ITO) 
anode is a thin layer (i.e., from about 10 to about 15 nanom-
eters) of a nickel oxide material (p-NiO). Located and formed 
upon the nickel oxide material layer (p-NiO) is a P3HT: 
PCBM BHJ organic photovoltaic material layer having an 
otherwise generally conventional thickness. Located and 
formed upon the P3HT:PCBM BHJ organic photovoltaic 
Additional nickel doping of an indium-doped tin oxide 
material layer (ITO) anode may provide the more negative 
work function of such a nickel and indium-doped tin oxide 
material layer (Ni-ITO) anode while maintaining a high opti-
cal transparency and conductivity of the nickel and indium 
doped tin oxide material layer (Ni-ITO) anode. The foregoing 
properties are desirable for an operative transparent conduct-
ing oxide material layer (TCO) anode within an organic pho-
tovoltaic cell, such as an indium-doped tin oxide material 
layer (ITO) anode (see, e.g., Hsu et al., Thin Solid Films, 474, 
19 (2005); and Nakasa et al., Thin Solid Films, 498, 240 
(2006)). 
30 material layer is a zinc oxide material layer (ZnO) having a 
generally conventional thickness. Located and formed upon 
the zinc oxide material layer (ZnO) is a lithium fluoride 
material layer (LiF) having a thickness of about 1 nanometer. 
Located and formed upon the lithium fluoride material layer 
In a non-limiting aspect, a nickel and indium doped tin 
oxide material layer (Ni-ITO) suitable for an organic photo-
voltaic cell structure or device anode may be deposited using 
a sputtering method. Moreover, a work function measure-
ment, as well as anticipated electrical property and optical 
property measurements of deposited nickel and indium doped 
tin oxide material layer (Ni-ITO) anodes in accordance with 
the embodiments are anticipated to be readily measurable 
using Kelvin probe measurements, Hall effect measurements, 
and transmittance/reflectance measurements, respectively. 
Thus, in accordance with the embodiments, it is anticipated 
35 (LiF) is an aluminum material layer (Al) having a generally 
conventional thickness that serves as a cathode within the 
organic photovoltaic cell structure of FIG. 4. 
Within the organic photovoltaic cell structure whose sche-
matic cross-sectional diagram is illustrated in FIG. 4, a con-
40 duction band minimum (CBM) of the nickel oxide material 
layer (p-NiO) (i.e., about-1.8 eV) is anticipated to introduce 
a barrier of about 2.2 eV for the electrons at the lowest 
unoccupied molecular orbital level of the PCBM material 
(i.e., about -4.0 eV). Thus, in addition to serving as a hole 
45 transport layer, the nickel oxide material layer (p-NiO) is 
anticipated to also serve as an electron blocking layer, which 
is anticipated to block any injection of electrons into the 
nickel and indium doped tin oxide material layer (Ni-ITO) 
anode electrode of the organic photovoltaic cell device of 
50 FIG. 4, and thereby enhance the charge separation in the 
organic photovoltaic device that results from the organic pho-
tovoltaic cell structure. 
to deposit a nickel and indium doped tin oxide material layer 
(Ni-ITO) anode within a P3HT:PCBM BHJ (or other) organic 
photovoltaic cell structure with a work function optimally of 
about -5.2 eV (i.e., from less than about (or no more positive 
than about)-5.0 eV to about -5.4 eV, and more particularly, 
from about -5.1 eV to about -5.3 eV). Such a work function 55 
will provide an ohmic contact for the hole extraction, trans-
port and collection at the nickel and indium doped tin oxide 
material layer (Ni-ITO) anode, and also provide an additional 
nominal 0.5 V to an open circuit potential (V 0 c) of the P3HT: 
Moreover, the nickel oxide material layer (p-NiO) is antici-
pated to reduce the surface roughness of the nickel and 
indium doped tin oxide material layer (Ni-ITO) anode, which 
in tum is anticipated to increase the shunt resistance of the 
organic photovoltaic device. Also, considering that the 
valence band maximum (VBM) of zinc oxide is about - 7 .5 
eV, the zinc oxide material layer (ZnO) is anticipated to 
introduce a barrier of 2.5 eV to holes located at the highest 
occupied molecular orbital (HOMO) level of the P3HT com-
ponent of the P3HT:PCBM BHJ organic photovoltaic mate-
rial composition. 
PCBM BHJ organic photovoltaic cell device. Similarly, this 60 
additional nominal 0.5 V should provide a higher electric field 
within the P3HT:PCBM BHJ organic photovoltaic cell device 
that will enhance the charge separation and charge collection 
within the P3HT:PCBM BHJ organic photovoltaic cell 
device. 
In addition, the conduction band minimum (CBM) of the 
65 zinc oxide material layer (ZnO) is about -4.2 eV, which is 
about 0.2 eV below the lowest unoccupied molecular orbital 
(LUMO) level of the PCBM material. Thus, the zinc oxide 
In general, and under intense photo-illumination, such as 
but not limited to AM 1.5 solar simulated photo-irradiation-
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material layer (ZnO) is anticipated to act as an electron trans-
port layer and a hole blocking layer concurrently. Thus, by 
blocking the injection, transport and collection of holes into 
the cathode, inclusion of the zinc oxide material layer (ZnO) 
within the organic photovoltaic cell structure of FIG. 4 is 
anticipated to further enhance the charge separation in an 
organic photovoltaic cell device that results from the organic 
photovoltaic cell structure. 
Finally, to ensure an ohmic contact between the zinc oxide 
electron transport material layer (ZnO) and the aluminum 10 
material layer (Al) cathode, a thin lithium fluoride material 
layer (LiF) is located and formed interposed between the zinc 
oxide material layer (ZnO) and the aluminum material layer 
(Al) cathode. An effective work function ofthis lithium fluo-
ride material layer (LiF)/aluminum material layer (Al) cath- 15 
ode laminate is anticipated to be about -3.7 eV (see, e.g., 
Mihailetchi et al., J. Appl. Phys., 94, 6849 (2003)). This 
particular ordering of the lithium fluoride material layer (LiF) 
and the aluminum material layer (Al) cathode laminate is 
anticipated to introduce another 0.5 V to the open circuit 20 
voltage (V 0 c) limit of the organic photovoltaic cell device, 
which will exceed the theoretical maximum open circuit volt-
age (V 0 c) that this particular organic photovoltaic cell device 
could provide (i.e., about 1.0 V). 
This particular ordering of the lithium fluoride material 25 
layer (LiF) and aluminum material layer (Al) cathode is 
anticipated also to increase the electric field induced by the 
difference in work functions of the anode and cathode elec-
trodes (anticipated to be about 1.5 V instead of about 0.5 V). 
While not necessarily being limited to the foregoing analy- 30 
sis or line of reasoning, it is further anticipated that this final 
organic photovoltaic cell structure as illustrated in FIG. 4, and 
in accordance with the embodiments, should enhance the 
internal quantum efficiency of the resulting organic photovol-
taic cell device significantly and will result in a high short 35 
circuit current (J sd and a high photovoltaic efficiency in the 
resulting organic photovoltaic cell device. 
While the foregoing discussion has been directed towards 
an embodiment describing an organic photovoltaic cell struc-
ture or device comprising a P3HT:PCBM BHJ organic pho- 40 
tovoltaic material layer composition, this particular embodi-
ment is not intended to limit the invention. Rather, in a more 
general sense, also contemplated are alternative embodi-
ments of organic photovoltaic cell structures and devices that 
include other organic photovoltaic material layer composi- 45 
tions where a p-type donor component of a BHJ organic 
photovoltaic material layer composition has a highest occu-
pied molecular orbital (HOMO) that may be at least as nega-
tive as about -5.0 eV. 
8 
aspect, the substrate is anticipated to comprise a glass sub-
strate, such as but not limited to a tempered glass substrate. 
As discussed above, the nickel and indium doped tin oxide 
material layer (Ni-ITO) anode will include a nickel compo-
nent that provides a work function in a range from at least 
about (or alternatively more negative than about, or further 
alternatively no more positive than about)-5.0 eV to about 
-5.4 eV, more particularly from about -5.1 eV to about -5.3 
eV and most particularly about -5.2 eV, so that the embodi-
ments provide an enhanced hole extraction, transfer and col-
lection ability of the organic photovoltaic cell device of FIG. 
3 or FIG. 4 with respect to the nickel and indium doped tin 
oxide material layer (Ni-ITO) anode. 
Also in accordance with the disclosure above, the nickel 
and indium doped tin oxide material layer (Ni-ITO) anode is 
anticipated to be formed using any of several methods that are 
also otherwise generally conventional in the electronics and 
microelectronics design and fabrication art, if not necessarily 
the organic photovoltaic cell design and fabrication art. 
Included but not limiting among these anticipated methods 
are chemical vapor deposition (CVD) methods and physical 
vapor deposition (PVD) methods. Further included within the 
context of physical vapor deposition (PVD) methods are ther-
mal evaporation methods and sputtering methods, which may 
include, but are also not limited to: (1) purely physical sput-
tering methods (i.e., which are typically intended to physi-
cally remove material from a target and deposit the material 
removed from the target compositionally unchanged upon a 
substrate); and (2) reactive sputtering methods (i.e., which are 
typically differentiated from purely physical sputtering meth-
ods by inclusion of a chemical reaction that provides a chemi-
cal difference between a sputter target material that is sput-
tered and a deposited material layer deposited from the 
sputter target material). Illustratively, the embodiments 
anticipate use a physical sputtering method that uses a pre-
fabricated nickel and indium doped tin oxide material target 
having a composition desirable within the nickel and indium 
doped tin oxide material layer (Ni-ITO) anode as illustrated in 
FIG. 3 and FIG. 4. 
As is discussed above, the nickel and indium doped tin 
oxide material layer (Ni-ITO) anode comprises a nickel con-
tent that provides a work function with ranges that center at 
-5.2 eV, so that the nickel and indium doped tin oxide mate-
rial layer (Ni-ITO) anode provides the enhanced and opti-
mized photovoltaic performance properties within an organic 
photovoltaic cell device in accordance with the embodiments. 
As noted above, the nickel and indium doped tin oxide mate-
rial layer (Ni-ITO) anode is anticipated to be formed using a 
physical sputtering method that uses argon or other inert gas 
Anticipated Fabrication Methodology 
The organic photovoltaic cell structure in accordance with 
the embodiments as illustrated in FIG. 3 or FIG. 4 is antici-
pated to be fabricated using methods and materials that are 
otherwise generally conventional in the organic photovoltaic 
cell design and fabrication art, and more generally the elec-
tronics and microelectronics design and fabrication art. 
50 ions as a sputtering medium to provide the nickel and indium 
doped tin oxide material layer (Ni-ITO) anode of appropriate 
composition. 
The P3HT:PCBM BHJ organic photovoltaic material 
layer, the p-nickel oxide material layer (p-NiO), the zinc 
55 oxide material layer, the lithium fluoride material layer and 
the aluminum material layer are each also anticipated to be 
formed using methods and materials that are otherwise con-
sidered to be generally conventional for forming those mate-
For example, the substrate as is illustrated in FIG. 3 and 
FIG. 4 (i.e., which is designated as a glass substrate) is antici-
pated to comprise any substrate material that is transparent 
with respect to incoming radiation (i.e., which will typically 60 
comprise incoming solar radiation) that is desired to be pho-
tovoltaically transformed into electricity. Such anticipated 
alternative substrate materials may include, but are not lim-
ited to, glass substrate materials of various varieties and 
dopant compositions, quartz substrate materials and certain 
plastic substrate materials having an appropriate optical 
transparency and optical clarity. According to an illustrative 
rial layers. 
The p-nickel oxide material layer (p-NiO) (i.e., which does 
not include an indium dopant) is anticipated to be located and 
formed upon the nickel and indium doped tin oxide material 
layer (Ni-ITO) anode using methods that are noted above, and 
in particular using a chemical vapor deposition (CVD) 
65 method or alternatively a physical vapor deposition (PVD) 
method. The p dopant (i.e., p-type dopant) that is included 
within the p-nickel oxide material layer (p-NiO) may be 
US 8,735,718 B2 
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anticipated to be included within a sputtering target that is 
used for forming the p-nickel oxide material layer (p-NiO), if 
the p-nickel oxide material layer (p-NiO) is formed using a 
sputtering method. Alternatively, the p dopant is anticipated 
to be co-deposited within a chemical vapor deposition (CVD) 
method. Further alternatively, the p dopant is anticipated to be 
subsequently incorporated into an otherwise undoped nickel 
oxide material layer located and formed upon the nickel and 
indium doped tin oxide material layer (Ni-ITO) anode via a 
method such as but not limited to an ion implantation method 10 
or a thermal diffusion method. Typically the p-nickel oxide 
material layer (p-NiO) is anticipated to include a p dopant 
such as but not limited to a boron dopant, at a generally 
conventional concentration. Typically and preferably, the 
p-nickel oxide material layer (p-NiO) is anticipated to have a 15 
generally conventional thickness. 
The P3HT:PCBM BHJ organic photovoltaic material layer 
10 
methods that is otherwise generally conventional in the 
organic photovoltaic cell structure design and fabrication art. 
To that end, advantageously, the organic photovoltaic cell 
structure of FIG. 3 or FIG. 4 is anticipated to be fabricated 
using single individually separated fabrication tools, or alter-
natively a single fabrication tool with multiple deposition 
sources or deposition chambers, all maintained under vacuum 
so that sequential layers of the organic photovoltaic cell struc-
ture of FIG. 3 or FIG. 4 may be deposited sequentially absent 
exposure of the organic photovoltaic cell structure to atmo-
sphere that might cause for interfacial modification and con-
tamination of the organic photovoltaic cell structure of FIG. 3 
or FIG. 4. 
The foregoing embodiments of the invention are illustra-
tive of the invention rather than limiting of the invention. To 
that end, revisions and modifications may be made to meth-
ods, materials, structures and dimensions of an organic pho-
tovoltaic cell structure or related method in accordance with 
20 the embodiments while still providing an organic photovol-
taic cell structure and related method in accordance with the 
is anticipated to comprise an otherwise generally conven-
tional composition of the P3HT and PCBM organic photo-
voltaic material components that are generally included at a 
generally conventional P3HT:PCBM molar ratio concentra-
tion. The particular P3HT and PCBM organic photovoltaic 
material components are anticipated to be deposited upon the 
p-nickel oxide material layer (p-NiO) using any coating 
method that is otherwise generally conventional in the 25 
organic photovoltaic cell design and fabrication art, and in 
particular a coating method such as but not limited to a spin 
coating method. Illustratively, the P3HT:PCBM BHJ organic 
photovoltaic material layer is anticipated to be located and 
formed upon the p-nickel oxide material layer (p-NiO) to a 30 
generally conventional thickness using a spin coating method 
that uses a solvent solution. 
The zinc oxide material layer (ZnO) is anticipated to be 
located and formed upon the P3HT:PCBM BHJ organic pho-
tovoltaic material layer using any of several methods that are 35 
otherwise generally conventional in the organic photovoltaic 
cell design and fabrication art, or alternatively the electronics 
and microelectronics design and fabrication art. Such meth-
ods may include, but are not necessarily limited to, chemical 
vapor deposition (CVD) methods and physical vapor deposi- 40 
tion (PVD) methods. More particularly, the zinc oxide mate-
rial layer (ZnO) is preferably anticipated to be located and 
formed upon the P3HT:PCBM BHJ organic photovoltaic 
material layer while using a sputtering method, such as a 
non-reactive physical sputtering method, to provide the zinc 45 
oxide material layer (ZnO) of a generally conventional thick-
ness. 
invention, further in accordance with the accompanying 
claims. 
As is understood by a person skilled in the art, within the 
context of the above disclosure, all references, including pub-
lications, patent applications and patents cited herein are 
hereby incorporated by reference in their entireties to the 
extent allowed, and to the same extent as if each reference was 
individually and specifically indicated to be incorporated by 
reference and was set forth in its entirety herein. 
The use of the terms "a" and "an" and "the" and similar 
referents in the context of describing the invention (especially 
in the context of the following claims) is to be construed to 
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. The terms 
"comprising," "having," "including," and "containing" are to 
be construed as open-ended terms (i.e., meaning "including, 
but not limited to,") unless otherwise noted. The term "con-
nected" is to be construed as partly or wholly contained 
within, attached to, or joined together, even if there is some 
other element intervening. 
The recitation of ranges of values herein is merely intended 
to serve as an efficient method of referring individually to 
each separate value falling within the range, unless otherwise 
indicated herein, and each separate value is incorporated into 
the specification as if it were individually recited herein. 
All methods described herein can be performed in any 
suitable order unless otherwise indicated herein or otherwise 
clearly contradicted by context. The use of any and all 
Similarly with underlying layers within the organic photo-
voltaic cell structure whose schematic diagram is illustrated 
in FIG. 4, the lithium fluoride material layer (LiF) is also 
anticipated to be formed using any of several methods, 
including but not limited to chemical vapor deposition (CVD) 
methods and physical vapor deposition (PVD) methods. 
50 examples, or exemplary language (e.g., "such as") provided 
herein, is intended merely to better illuminate embodiments 
of the invention and does not impose a limitation on the scope 
of the invention unless otherwise indicated. 
Finally, the aluminum material layer (Al), which serves as 
a cathode within the organic photovoltaic cell structure of 55 
FIG. 4, is also anticipated to be formed using any of several 
methods that are otherwise generally conventional in the 
organic photovoltaic cell design and fabrication art, or alter-
natively the electronic or microelectronics design and fabri-
cation art. Such an aluminum material layer (Al) is antici- 60 
pated to be formed using physical vapor deposition methods, 
such as but not limited to sputtering methods and evaporative 
methods, although thermal evaporation methods are gener-
ally common. 
The organic photovoltaic cell structure whose schematic 65 
cross-sectional diagram is illustrated in FIG. 3 or FIG. 4 is 
anticipated to be fabricated using a sequence of deposition 
No language in the specification should be construed as 
indicating any non-claimed element as essential to the prac-
tice of the invention. 
It will be thus further apparent to those skilled in the art that 
various modifications and variations can be made to the 
present invention without departing from the spirit and scope 
of the invention. There is no intention to limit the invention to 
the specific form or forms disclosed, but on the contrary, the 
intention is to cover all modifications, alternative construc-
tions and equivalents falling within the spirit and scope of the 
invention, as defined in the appended claims. Thus, it is 
intended that the present invention cover the modifications 
and variations of this invention provided they come within the 
scope of the appended claims and their equivalents. 
US 8,735,718 B2 
11 
What is claimed is: 
1. A photovoltaic cell structure comprising: 
a nickel and indium doped tin oxide material layer anode 
located over a transparent substrate; 
a bulk heterojunction organic photovoltaic material layer 
located over the nickel and indium doped tin oxide mate-
rial layer anode; and 
a conductor material layer cathode located over the bulk 
heterojunction organic photovoltaic material layer 
wherein the photovoltaic cell structure does not include an 10 
otherwise undoped indium doped tin oxide material 
layer. 
2. The photovoltaic cell structure of claim 1 wherein: 
the nickel and indium doped tin oxide material layer anode 
has a first work function; and 
th~ bulk heterojunction organic photovoltaic material layer 
mcludes a p-type donor component having a highest 
occupied molecular orbital no more negative than the 
first work function. 
3. The photovoltaic cell structure of claim 2 wherein: 
the first work function is no more positive than about -5.0 
eV; and 
the p-type donor component that has a highest occupied 






11. The photovoltaic cell structure of claim 10 wherein the 
nickel oxide material layer comprises a p-type doped nickel 
oxide material that does not include an indium dopant. 
12. The photovoltaic cell structure of claim 5 further com-
prising: 
a zinc oxide material layer located interposed between the 
P3HT:PCBM BHJ material layer and the cathode con-
ductor material layer; and 
a lithium fluoride material layer located interposed 
between the zinc oxide material layer and the cathode 
conductor material layer. 
13. A method for fabricating a photovoltaic cell structure 
comprising: 
forming a nickel and indium doped tin oxide material layer 
anode over a transparent substrate; 
forming an organic photovoltaic material layer over the 
nickel and indium doped tin oxide material layer anode· 
and ' 
forming a cathode conductor material layer over the 
organic photovoltaic material layer 
wherein the photovoltaic cell structure does not include an 
otherwise undoped indium doped tin oxide material 
layer. 
14. The method of claim 13 wherein the forming the nickel 
and indium doped tin oxide material layer anode provides the 
nickel and indium doped tin oxide material layer anode with 
a work function no more positive than about -5.0 eV. 
4. The photovoltaic cell structure of claim 1 wherein the 
conductor material layer cathode comprises a lithium fluo-
ride/aluminum conductor material layer laminate that has a 
second work function that is no more negative than about -3. 7 
eV. 
15. A method for fabricating a photovoltaic cell structure 
30 
comprising: 
forming a nickel and indium doped tin oxide material layer 
anode over a transparent substrate; 
5. A photovoltaic cell structure comprising: 
a nickel and indium doped tin oxide material layer anode 
located over a transparent substrate; 
a P3HT:PCBM BHJ photovoltaic material layer located 
over the nickel and indium doped tin oxide material 35 
layer anode; and 
a cathode conductor material layer located over the P3HT: 
PCBM BHJ photovoltaic material layer 
wherein the photovoltaic cell structure does not include an 
otherwise undoped indium doped tin oxide material 40 
layer. 
forming a P3HT:PCBM BHJ photovoltaic material layer 
over the nickel and indium doped tin oxide material 
layer anode; and 
forming a cathode conductor material layer over the P3HT: 
PCBM BHJ photovoltaic material layer 
wherein the photovoltaic cell structure does not include an 
otherwise undoped indium doped tin oxide material 
layer. 
16. The method of claim 15 wherein the forming the nickel 
and indium doped tin oxide material layer anode provides the 
nickel and indium doped tin oxide material layer anode with 
a work function no more positive than about -5.0 eV. 
6. The photovoltaic cell structure of claim 5 wherein the 
nickel and indium doped tin oxide material layer anode has a 
work function no more positive than about -5.0 eV. 
7. The photovoltaic cell structure of claim 5 wherein the 
nickel and indium doped tin oxide material layer has a work 
function from about -5.0 eV to about -5.4 eV. 
45 
17. The method of claim 15 wherein the forming the nickel 
and indium doped tin oxide material layer uses a sputtering 
method. 
8. The photovoltaic cell structure of claim 5 wherein the 
nickel and indium doped tin oxide material layer has a work 
function from about -5.1 eV to about -5.3 eV. 
9. The photovoltaic cell structure of claim 5 wherein the 
cathode conductor material layer comprises an aluminum 
conductor material. 
50 
10. The photovoltaic cell structure of claim 5 further com-
prising a nickel oxide material layer located interposed 55 
between the nickel and indium doped tin oxide material layer 
anode and the P3HT:PCBM BHJ photovoltaic material layer. 
18. The method of claim 17 wherein the sputtering method 
comprises a non-reactive sputtering method. 
19. The method of claim 17 wherein the sputtering method 
comprises a reactive sputtering method. 
. 20. Th~ method of claim 15 further comprising forming a 
mckel oxide material layer comprising a p-type doped nickel 
oxide material absent an indium dopant interposed between 
the nickel and indium doped tin oxide material layer anode 
and the P3HT:PCBM BHJ photovoltaic material layer. 
* * * * * 
